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(57)Abstract: 




PURPOSE: To prevent the elution of manganese 
included in the compound oxide into the 
nonaqueous electrolyte at the time of charge, and 
prevent the rise of the inner resistance to obtain 
the high efficient discharge characteristic by 
using a positive electrode, in which a specified 
compound oxide is used as active material. 
CONSTITUTION: This nonaqueous electrolyte 
secondary battery is provided with a negative 
electrode 2 mainly composed of lithium metal or 
the material, which can store and discharge 
lithium, and a positive electrode 1 , in which a 
compound oxide expressed by a composition 
formula LiXMeyMnOZ (Me means at least one 
kind of element selected among the group of B, 
Si, P, Ga, Ge, As, Se, In, Sn, Sb, Te, Pb, Po and 
At; x, y and z means positive number) is used as 
active material. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The nonaqueous electrolyte rechargeable battery characterized by coming to 
have the negative electrode which uses as a principal member a lithium metal or the 
matter which can occlusion emit a lithium, and the positive electrode which uses as an 
active material the multiple oxide expressed with an empirical formula LiX Mey MnOZ 
(a kind of element;x [ at least ] chosen from the group which Me becomes from B, Si, P, 
Ga, germanium, As, Se, In, Sn, Sb, Te, Pb, Po, and At, and y and z are a positive 
number). 

[Claim 2] Said empirical formula LiX Mey MnOZ Inner y is a nonaqueous electrolyte 
rechargeable battery according to claim 1 which are 0.04 or more and 1 .0 or less. 
[Claim 3] Said empirical formula LiX Mey MnOZ It is the nonaqueous electrolyte 
rechargeable battery according to claim 1 whose y inner Me is B and is 0.04 or more and 
1.0 or less. 

[Claim 4] Said multiple oxide is Li2 B4 07 expressed with an empirical formula LiX By 
MnOZ (0.04<=y<=1.0). Nonaqueous electrolyte rechargeable battery according to claim 
1 which is a content multiple oxide. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[° 001 ] • r u . • 

[Industrial Application] Especially this invention relates to amelioration of the elution- 

proof nature to the nonaqueous electrolyte of the manganese contained in manganese 
content positive active material with respect to a nonaqueous electrolyte rechargeable 
battery. 
[0002] 

[Description of the Prior Art] In order to attain high capacity-ization in a nonaqueous 
electrolyte rechargeable battery in recent years, it is Li2 Mn03 as positive active 
material. The manganese (spinel) content multiple oxide of content Mn02 (refer to JP,63- 
114064.A), the Li content Mn02 (refer to JP,1-235158,A), LiMn 204, etc. is proposed. 
[0003] By the way, in order to attain that high capacity-ization actually in the case of this 
kind of nonaqueous electrolyte rechargeable battery, it is necessary to charge until a 
positive electrode becomes remarkable high potential (it is [ as opposed to / usually / 
Li+/Li single electrode potential ] beyond about 3.6V). 

[0004] However, if it charges until a positive electrode becomes high potential such, the 
manganese in a manganese content multiple oxide will be eluted in an electrolyte, the 
internal resistance of a cell will become large, and it will become difficult to be able to 
bear the big discharge current, namely, to obtain the cell excellent in the high-rate- 
discharge property. 

[0005] The elution to the inside of the electrolyte of manganese hardly happens, but the 
place which this invention is made in order to solve this problem, and is made into the 



purpose has it in offering the nonaqueous electrolyte rechargeable battery which was so 
excellent in the small high-rate-discharge property of a rise of internal resistance, when it 
charges until a positive electrode becomes remarkable high potential, in order to enlarge 
cell capacity. 
[0006] 

[Means for Solving the Problem] The nonaqueous electrolyte rechargeable battery (the 
"this invention ceir is called hereafter.) concerning this invention for attaining the above- 
mentioned purpose A lithium metal, or the negative electrode which uses as a principal 
member the matter which can occlusion emit a lithium and an empirical formula LiX 
Mey MnOZ (Me - B --) At least a kind of element chosen from the group which consists 
of Si, P, Ga, germanium, As, Se, In, Sn, Sb, Te, Pb, Po, and At; x, and y and z come to 
have the positive electrode which uses as an active material the multiple oxide expressed 
with a positive number. 

[0007] Positive-active-material slack empirical formula LiX Mey MnOZ in this invention 
cell Although the value of the atomic ratio of Me:Mn, i.e., the value of y in an empirical 
formula, can use various things as a multiple oxide expressed, since that the value of y 
uses the thing of 0.04-1 .0 can stop the elution to the inside of the electrolyte of 
manganese effectively and it can control the rise of the internal resistance of a cell 
sharply as shown also in the example mentioned later, it is desirable. That is, since 
elution depressor effect of the manganese according to increase in quantity of the 
addition of Me not only can hardly expect, but the discharge capacity as positive active 
material of the multiple oxide concerned falls even if the elution depressor effect of 
manganese according that the value of y is less than 0.04 to compound-izing with Me 
compound and a manganese content multiple oxide is not fully discovered but the value 
of y exceeds 1.0 on the other hand, since the addition of Me is not enough, it is not [ both 
] desirable. 

[0008] LiX Mey MnOZ in this invention The positive electrode used as an active material 
is obtained as follows, for example. First, a lithium hydroxide (LiOH), 3 oxidation 2 
boron (B-2 03), and a manganese dioxide (Mn02) are heat-treated at 250-1 000-degree 
about C temperature for about 20 hours, after mixing by the predetermined mole ratio. 
[0009] subsequently, binders, such as electric conduction agents, such as acetylene black 
if the active material which carried out in this way and was obtained is required, after 
grinding it to a predetermined particle size, and carbon black, and polytetrafluoroethylene 
(PTFE), and poly vinylidene fluoride (PVdF), - usually - a weight ratio - about 80 to 
90:5 to 15:4 to 15 ratio -- mixing - a positive electrode -- it considers as a mixture. 
[0010] furthermore, this positive electrode - pressurization molding of the mixture is 
carried out by the predetermined pressure (usually 0.5-1. 5t/cm 2), obtained molding is 
rolled out and heat-treated to the mesh-like disk made from the stainless steel as a charge 
collector etc. (it usually heats about [ 100-250 degrees ] by C), and it considers as a 
positive electrode. 

[001 1] The negative electrode in this invention cell is constituted considering the matter 
which can occlusion emit a lithium metal or a lithium as a principal member. When using 
a lithium metal, predetermined dimension configurations, such as disc-like, are processed 
by rolling, punching, etc., and use is presented. 

[0012] As matter which can occlusion emit a lithium, carbon materials, such as a lithium 
alloy, and a graphite, corks, are illustrated. When using powdered matter, such as a 



carbon material this, a binder, and the need -- responding - an electric conduction agent - 
- usually a weight ratio about 80 to 90:5 to 15:4 to ten ratio -- mixing -- a negative 
electrode, after considering as a mixture this negative electrode -- pressurization molding 
of the mixture is carried out by the predetermined pressure (usually 0.5-1 .5t/cm 2), 
obtained molding is rolled out and heat-treated to the mesh-like disk as a charge collector 
etc. (it usually heats about [ 100-250 degrees ] by C), and it considers as a negative 
electrode. 

[0013] In the nonaqueous electrolyte rechargeable battery with which it comes to use the 
matter [ this invention cell ] like **** which can occlusion emit a lithium metal and a 
lithium as a principal member of a negative electrode It is what has the greatest 
description at the point that the specific multiple oxide is used as positive active material. 
So, it is possible to use the various ingredients which are conventionally used as an object 
for nonaqueous electrolyte rechargeable batteries, or are proposed about the member of 
others, such as a nonaqueous electrolyte and a separator (when using a liquid electrolyte). 
[0014] 

[Function] In this invention cell, since the specific manganese content multiple oxide is 
used as positive active material, even if a positive electrode is exposed to high potential at 
the time of charge for high-capacity-izing, elution to the inside of the electrolyte of the 
manganese contained in a manganese content multiple oxide cannot happen easily, and 
internal resistance of a cell cannot rise easily. 
[0015] 

[Example] It is possible to change this invention suitably in the range which is not limited 
at all by the following example and does not change the summary, and to carry out 
hereafter, although this invention is further explained to a detail based on an example. 
[0016] (Examples 1-4) 

[Production of a positive electrode] A lithium hydroxide (LiOH) and 3 oxidation 2 boron 
(B-2 03), The atomic, ratio of Li:B:Mn a manganese dioxide (Mn02), respectively 
0.58:0.16:1.00 (example 1), After mixing so that it may be set to 0.54:0.08:1.00 (example 
2), 0.52:0.04:1.00 (example 3), and 0.51:0.02:1.00 (example 4), it heat-treated by 850- 
degreeC for 20 hours, and the positive active material of the shape of four sorts of 
powder was obtained. When the positive active material of the shape of these powder was 
investigated with the X-ray diffraction method, respectively, it is LiMn 204. And Li2 B4 
07 Existence was checked. 

[0017] subsequently, such positive active material - the acetylene black as an electric 
conduction agent and the fluororesin powder as a binder, and the weight ratio 90:6:4 - 
mixing - four sorts of positive electrodes -- the mixture was obtained. 
[0018] furthermore, these positive electrodes ~ a mixture ~ respectively - 2 t/cm2 The 
molding obtained by disc-like [ with a diameter of 20mm ] by carrying out pressurization 
molding was rolled out to the mesh-like disk made from the stainless steel as a charge 
collector by the pressure, it heat-treated under the 2-hour vacuum by 250-degreeC, and 
four sorts of positive electrodes were produced. 

[0019] [Production of a negative electrode] The disc-like negative electrode which 
consists of a lithium metal with a diameter of 20mm was produced by rolling and 
punching. 

[0020] [Preparation of a nonaqueous electolyte] One mol /of lithium perchlorates was 
melted 1. to the mixed solvent of the volume ratio 1:1 of propylene carbonate and 1 and 2- 



dimethoxyethane, and the nonaqueous electolyte was prepared to it. 
[0021] [Production of a nonaqueous electrolyte rechargeable battery] The positive- 
electrode can besides the above-mentioned positive/negative two poles and a nonaqueous 
electolyte, the negative-electrode can, etc. were used, and the nonaqueous electrolyte 
rechargeable batteries BA1 (example 1), BA2 (example 2), BA3 (example 3), and BA4 
(example 4) (each cell dimension is diameter:24mm and thickness:3mm) of the flat mold 
concerning this invention were produced. In addition, as a separator, the microporous thin 
film made from polypropylene was used, and the nonaqueous electolyte described above 
to this was infiltrated. 

[0022] Drawing 1 is the sectional view of the produced cell BA 1 (the same is said of 
cells BA2-BA4), and the cell BA 1 shown in this drawing consists of a positive electrode 
1, a negative electrode 2, a separator 3, the positive-electrode can 4, the negative- 
electrode can 5, the positive-electrode charge collector 6, a negative-electrode charge 
collector 7, insulating packing 8 made from polypropylene, etc. The chemical energy 
which holds in the cell case which a positive electrode 1 and a negative electrode 2 
counter through a separator 3, and the positive/negative two-poles cans 4 and 5 form, and 
the negative electrode 2 was connected to the positive-electrode can 4 for the positive 
electrode 1 through [ again ] the negative-electrode charge collector 7 at the negative- 
electrode can 5 through the positive-electrode charge collector 6, and was produced in the 
cell BA1 interior can be taken out now to the exterior as electrical energy from the both- 
ends child of the positive-electrode can 4 and the negative-electrode can 5. 
[0023] (Example 1 of a comparison) In production of a positive electrode, 3 oxidization 2 
boron was not blended but the comparison cell BC 1 was produced like the example 1 
except the atomic ratio of Li:Mn having mixed the lithium hydroxide (LiOH) and the 
manganese dioxide (Mn02) so. that it might be set to 0.5:1.0. 

[0024] About the comparison cell BC 1 produced in the cells BA1-BA4 and the example 
1 of a comparison which were produced in the examples 1-4, the relation between the 
charging time at the time of charging continuously and the internal resistance of a cell 
was investigated by charge electrical-potential-difference 4.0V fixed. A result is shown in 
drawing 2 . 

[0025] Moreover, it is the graph which took and expressed the charging time (week) with 
the axis of abscissa, drawing 2 - an axis of ordinate ~ the internal resistance (omega) of 
a cell -- O among this graph A cell BA 1 (Mn:B=1.00:0.16;y=0.16) O A cell BA 2 
(Mn:B=1.00:0.08;y=0.08) In **, a cell BA 3 (Mn:B=1.00:0.04;y=0.04) and ** show a 
cell BA 4 (Mn:B=1.00:0.02;y=0.02), and x shows the result about the comparison cell 
BC 1 (boron combination is not carried out), respectively. 

[0026] Multiple oxide LiX By MnOz which contains boron from this graph The used 
cells BA1-BA4 are understood that the rise of the internal resistance accompanying 
advance of charge is small compared with the comparison cell BC 1 which used the 
multiple oxide which does not contain boron. LiX By MnOz whose value of y is 0.04 or 
more especially By the cells BA1-BA3 used as positive active material, it turns out that 
the rise of internal resistance is controlled notably. 

[0027] In addition, when internal resistance disassembled the comparison cell BC 1 (the 
internal resistance one week after starting charge is 48ohms) which went up exceeding 20 
ohms and ICP analysis investigated the negative electrode, it turned out that a lot of Mn 
deposits in the negative electrode. Moreover, although investigated also about the 



negative electrode of the cells BA1-BA3 whose internal resistance 12 weeks after making 
it the same is 18ohms or less, the deposit of this Mn was not accepted. 
[0028] It replaces with boron (B). Silicon (Si) Lynn (P), (Examples 5-56) A gallium (Ga), 
germanium (germanium), an arsenic (As), a selenium (Se), An indium (In), tin (Sn), 
antimony (Sb), a tellurium (Te), lead (Pb), a polonium (Po), Or except having used the 
astatine (At) as an alloying element, the nonaqueous electrolyte cell by which 52 sorts of 
positive active material differs was produced like examples 1-4, and the internal 
resistance of the cell in the time of eight weeks passing after charge initiation about each 
of these cells was measured. In addition, the atomic ratio of Li:Me(each alloying 
element) :Mn was set to 0.5 (y+l):y:l. 

[0029] A result is shown in Table 1. In this table, the internal resistance in the time of 
eight weeks passing after charge initiation of the comparison cell BC 1 produced in the 
cells BA1-BA4 and the example 1 of a comparison which were produced in the examples 
1-4 is also written together. However, it replaces with an internal resistance value about 
the cell which exceeded 50 ohms before eight-week progress, and x has shown. 
[0030] 
[Table 1] 
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[0031] (Examples 57-112) Except having replaced heat-treatment temperature with 850- 

degreeC, and having been referred to as 375-degreeC, like examples 1-56, the 

nonaqueous electrolyte cell by which 56 sorts of positive active material differs was 

produced, and the internal resistance of the cell in the time of eight weeks passing after 

charge initiation about each of these cells was measured, respectively. In addition, the 

atomic ratio of Li:Me(each alloying element):Mn was set to 0.5 (y+l):y:l. 

[0032] A result is shown in Table 2. However, about the cell which exceeded 50 ohms 

before eight-week progress, it replaces with an internal resistance value like Table 1, and 

x has shown. 

[0033] 

[Table 2] 
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[0034] From Table 1 and 2, this invention cell is compared with the comparison cell BC 
1, and is understood that the rise of the internal resistance in the time of eight weeks 
passing is small. Moreover, LiX Mey MnOz whose value of y is 0.04 or more especially 
In the cell used as positive active material, it turns out that the rise of internal resistance is 
controlled notably. 

[0035] Although the above-stated example explained the example in the case of applying 
this invention to a flat mold cell, there is especially no limit in the configuration of a cell, 
and this invention can be applied to the nonaqueous electrolyte rechargeable battery of 
various configurations, such as cylindrical and a square shape. 
[0036] 

[Effect of the Invention] In this invention cell, since the positive electrode which uses a 
specific multiple oxide as an active material is used, elution to the inside of the 
nonaqueous electrolyte of the manganese contained in a multiple oxide in the case of 



charge cannot happen easily, and the rise of internal resistance hardly takes place. So, this 
invention does the outstanding characteristic effectiveness -- this invention cell is 
' excellent in a high-rate-discharge property. 
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